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(S) Heat exchanger. 

(57) A heat exchanger has flat tubes (1) parallelly 
arranged and spaced apart from each other a 
predetermined distance in the direction of 
thickness. The heat exchanger further has a 
pair of headers (5, 6) to which the ends of the 
tubes are connected in fluid communication. 
Each tube (1) has an intermediate bent portion 
(4) and straight sections (2, 3) separated one 
from another by the bent portion, and the bent 
portion (4) is a portion twisted at a predeter- 
mined helical angle relative to each straight 
section. Fins (11) are interposed between the 
adjacent straight sections (2), and further fins 
(12) between the other straight sections (3). The 
heat exchanger is easy to manufacture and of 
an improved efficiency of heat exchange, in 
spite of the tubes being bent in the direction of 
their width. 
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BACKGROUND OF THE INVENTION AND 
DESCRIPTION OF RELATED ART 

The present invention relates to a heat exchanger 
that is adapted for use as an evaporator, a condenser 5 
or the like in car air-conditioners, room air-condition- 
ers or the like, and more particularly relates to a heat 
exchanger comprising heat exchanging tubes which 
are bent at their intermediate portions between oppo- 
site ends. 10 

The heat exchangers recently used in the car air- 
conditioners are of the so-called multi-flow or parallel 
flow type. Flat and straight tubes are arranged at reg- 
ular intervals and in parallel with and spaced apart 
from each other a predetermined distance in the di- 15 
rection of their thickness. Both the opposite ends of 
each tube are connected to a pair of hollow headers, 
in fluid communication therewith. 

In the heat exchanger of this type, heat exchange 
occurs between a medium flowing through the tubes 20 
and air streams flowing through air paths each de- 
fined between the adjacent tubes. Acertain improved 
heat exchanger is proposed for example in the Japa- 
nese Unexamined Patent Publication No. 63-282490. 
This type is improved in the efficiency of heat ex- 25 
change and in the drainage of condensed dew, and is 
of a decreased dimension to fit in a narrower space. 
Each flat tube in the heat exchanger of this type has, 
intermediate its opposite ends, a middle portion bent 
in the direction of its width. 30 

It has however been difficult to protect the tube's 
internal flow path from collapse when bending it in the 
width direction. 

The United States Patents No. 5,27g,360and No. 
5,341,870 propose a method of resolving this prob- 35 
lem, in which a plurality of grooves are previously 
formed along lateral and opposite edges of a tube so 
that it can easily be bent at its middle region. 

There are still problems in those proposals in that 
the previous forming of many grooves causes much 40 
labor and limit the portion where each tube can be 
bent. In addition, cross-sectional area of the bent por- 
tion is so decreased that a pressure loss of the cool- 
ant noticeably increases, due to the previously 
formed groves. 45 

Instead of such a simple bending of tubes in the 
direction of their width, a 'twisting' of tubes is pro- 
posed in another Japanese Unexamined Patent Pub- 
lication No. 4-187990. According to this proposal, a 
middle portion located intermediate opposite straight so 
sections of each tube is twisted and bent such that the 
right side surface of one section becomes the left side 
surface in the other. 

This proposal may be effective to avoid the col- 
lapse and constriction of the bent portions. It is how- 55 
ever necessary to prepare the bent tubes, before con- 
necting them to the headers, to thereby render some- 
what intricate the manufacture and assembly of a 



heat exchanger. In a case wherein the interior of each 
flat tube is divided into parallel unit paths, a windward 
one of them in one straight section will continue to a 
windward unit path in the other, relative to air stream 
flowing through a space present between the adja- 
cent straight sections. Consequently, heat exchange 
efficiency will vary among unit paths in each tube, 
thus impairing the overall efficiency of heat ex- 
change. 

OBJECTS AND SUMMARY OF THE INVENTION 

An object of the present invention made in view 
of the described problems inherent in the prior art is 
therefore to provide a heat exchanger comprising a 
plurality of flat tubes arranged at regular intervals and 
in parallel with and spaced apart from each other a 
predetermined distance in the direction of thickness 
of the tubes, both the opposite ends of each tube be- 
ing connected to a pair of headers in fluid communi- 
cation therewith, wherein the tubes are bent at their 
intermediate portions in the direction of their width in 
such a manner that the heat exchanger is easy to 
manufacture, pressure loss of a heat exchanging me- 
dium flowing therethrough is suppressed, and heat 
exchange efficiency thereof is improved. 

According to the present invention, the heat ex- 
changer comprises: a plurality of flat tubes arranged 
at regular intervals and in parallel with and spaced 
apart from each other a predetermined distance in the 
direction of thickness of the tubes; a pair of hollow 
headers disposed at one ends and other ends of the 
tubes, which are connected thereto in fluid communi- 
cation therewith; each tube having an intermediate 
bent portion and straight sections separated one from 
another by the bent portion; the bent portion being a 
portion of each tube twisted at a predetermined heli- 
cal angle; and fins each interposed between the ad- 
jacent straight sections. 

For the purpose of rendering easier the manufac- 
ture and improving mechanical strength of the heat 
exchanger, it may further comprise: additional fins 
disposed outside the outermost tubes; and reinforc- 
ing strips each composed of a middle section and end 
sections continuing therefrom. The middle section 
has formed therethrough apertures each fitting on a 
boundary present between the straight section and 
the twisted bent portion of each tube, and each end 
section of the reinforcing strip extending along and 
fixedly adjoined to the outer surface of the corre- 
sponding additional fin. 

The twisted and bent portions located adjacent to 
each other may contact and overlap one another to 
reinforce said portions as a whole. 

It is an important feature that each bent portion 
is twisted at a predetermined helical angle relative to 
the adjacent straight sections. 

In manufacture, the flat and straight tubes ar- 
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ranged parallel at regular intervals and each having 
opposite ends connected to the headers in fluid com- 
munication therewith may be bent all at once in the di- 
rection of tubes' width. Each portion which is being 
bent between the straight sections will simultaneous- 5 
ly and spontaneously be twisted relative thereto. The 
twisted and bent portions can now be formed very 
easily, without encountering any technical difficulty. 

In a case wherein the heat exchanger comprises 
the aforementioned reinforcing strips each composed 10 
of the middle section and the end sections continuing 
therefrom and formed perpendicular thereto, the 
straight sections are protected from deformation dur- 
ing the bending-and-twisting operation. This is be- 
cause a stress imparted to the tubes which are being 15 
bent is restricted to their middle portions located be- 
tween the middle sections of said strips, even if each 
tube is forced to have a considerably small radius of 
curvature. The reinforcing strips thus contribute not 
only to an easier manufacture but also to an improved 20 
overall strength of the heat exchanger. 

The overlapping of the adjacent bent portions will 
further improve their strength as a whole. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a perspective view of a heat exchanger 
in the form of an evaporator provided in a first em- 
bodiment and shown in its entirety; 
Fig. 2 is a cross section taken along the line 2-2 30 
in Fig. 1; 

Fig. 3 is a front elevation of the heat exchanger; 

Fig. 4 is a plan view of the heat exchanger; 

Fig. 5 is a bottom view of the heat exchanger; 

Fig. 6 is an enlarged and partial front elevation of 35 

the heat exchanger's portion where tubes are 

bent and twisted; 

Fig. 7 is an enlarged and partial perspective view 
of a reinforcing strip incorporated in the heat ex- 
changer; 40 
Figs. 8A, 8B and 8C show the successive steps 
carried out in this order to manufacture the heat 
exchanger; — 

Fig. 9 shows the further step of bending the 
tubes; 45 
Fig. 10 is a perspective view of the flat tube, 
shown in part; 

Fig. 11 is a cross section of a modified header in- 
corporated in the heat exchanger; 
Fig. 12 is a cross section of a modification in so 
which baffles are inserted in the header; 
Fig. 13 is an enlarged and partial perspective 
view of a modified reinforcing strip; 
Fig. 14 is a plan view of a modified heat exchang- 
er; 55 
Fig. 15 is a graph showing a relationship ob- 
served between the heat rejection and the pres- 
sure of a medium at an outlet of the heat exchang- 



er, 

Fig. 16 is another graph showing a relationship 
observed between the pressure drop of the heat 
exchanging medium and the flow rate thereof; 
Figs. 17 to 21 show another heat exchanger pro- 
vided in a second embodiment and as an evap- 
orator, in which: 

Fig. 1 7 is a front elevation of the heat exchanger; 
Fig. 18 is a cross section taken along the line 18 
- 18 in Fig. 17; 

Fig. 1 9 is a perspective view of a tube incorporat- 
ed in the heat exchanger, and shown in its twisted 
state; 

Fig. 20 is a front elevation of the heat exchanger, 
shown in its state before being bent; and 
Fig. 21 is a plan view of the heat exchanger, 
shown in its further state after bent; 

Figs. 22 and 23 illustrate still another heat 
exchanger provided in a third embodiment and as 
a condenser, in which: 

Fig. 22 is a perspective view of the heat exchang- 
er, shown in its entirety; and 
Fig. 23 is a left side elevation of the heat ex- 
changer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, some embodiments of the present inven- 
tion will be described referring to the drawings. 

- First Embodiment - 

A heat exchanger which Figs. 1 to 16 illustrate is 
an evaporator provided in the first embodiment for 
use in a car air conditioner. 

Each of flat heat exchanging tubes 1 shown in 
Fig. 1 is of an elliptic shape in cross section and has 
an upper and lower flat walls 1a. Those flat walls la 
are connected one to another by a few connecting 
walls 1b so that several unit paths 1c are defined in 
and longitudinally of the tube, as seen in Fig. 10. 

The tubes 1 are aluminum extruded pieces of the 
so-called harmonica structure in this embodiment. 
However, they may be flat seam-welded tubes having 
inserted therein internal corrugated fins, or of any 
other conventional structure in the present invention. 

Each of the flat tubes 1 shown in Figs. 1 and 2 has 
straight sections 2 and 3 and a middle portion 4 inte- 
gral with and intervening between them. This middle 
portion 4 is bent and twisted to have a predetermined 
helical angle relative to the straight sections. In this 
embodiment, the bent and twisted middle portion 4 is 
generally U-shaped such that the straight sections 2 
and 3 of each tube extend in parallel with each other 
and are included in a common plane. 

The tube 1 may not be bent into a U-shape but 
into a V-shape or the like such that the straight sec- 
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tions 2 and 3 extend at a predetermined angle relative 
to each other. Further, the bent and twisted portion 4 
may not necessarily be positioned right in the middle 
of each tube. 

An outer edge of the bent and twisted portion 4 
lies almost in parallel with the straight sections 2 and 
3, as shown in Fig. 6. A helical angle 9 defined be- 
tween the bent portion and each straight section is 
predetermined to be slightly smaller than 90°. 

The bent portion 4 preferably of a smooth and 
arcuate contour is usually designed as short as the 
torsional strength allows. Any specific configuration 
and radius of curvature may be employed so long as 
the internal flow path of tube substantially remains 
non-collapsed and has an unconstricted cross- 
sectional area. 

The generally U-shaped flat tubes 1 having at 
their bottoms the bent and twisted portions 4 are ar- 
ranged such that their vertical straight sections 2 and 
3 are located side by side and at regular intervals. Alu- 
minum hollow headers 5 and 6 are connected to upper 
ends of the flat tubes. 

As seen in Fig. 6, the bent portions 4 of the adja- 
cent tubes 1 overlap and fit on each other so as to 
support one another and improve their strength. 
Those bent portions may be brazed or otherwise se- 
cured one to another to further raise the strength. 

Fins such as aluminum corrugated fins 1 1 are dis- 
posed between the adjacent straight sections 2 locat- 
ed windward and also outside the outermost straight 
sections 2. Similar fins 12 are disposed between the 
adjacent straight sections 3 located leeward and also 
outside the outermost straight sections 3. Those fins 
are brazed to the straight sections 2 and 3. Fin pitch 
of the windward fins 11 is greater than that of the lee- 
ward ones 12. 

A front reinforcing strip 1 3 is secured to and sur- 
rounds the group of windward straight sections 2, 
while a rear reinforcing strip 14 being likewise se- 
cured to and surrounding the group of leeward 
straight sections 3. Each reinforcing strip is made by 
bending an elongate plate, and has a middle section 
15 and end sections 16 bent upward and extending 
therefrom so that it assumes a U-shape in front ele- 
vation. 

As shown in Fig. 7, apertures 15a are formed 
through the middle section 15 at a pitch correspond- 
ing to the flat tubes 1 . A boundary between the bent 
portion and the straight section 2 or 3 is brazed to and 
held in the corresponding aperture 15a in which the 
tube 1 is inserted. 

Each of the end sections 1 6 is in contact with and 
brazed to the fin 11 or 12 which is located outside the 
outermost tube 1. It is preferable that, in order to fa- 
cilitate the brazing process, the reinforcing strips are 
made of a sheet which is composed of a core having 
either or both surfaces clad with a brazing agent layer. 

The reinforcing strips 1 3 and 1 4, which contribute 



to an improved strength of the core of this heat ex- 
changer, circumscribe the bending and twisting ac- 
tion within narrow bounds. The tubes' straight sec- 
tions are thus protected from any torsion or bending. 
5 The middle section 15 of each reinforcing strip 13 

and 14 may have drainage holes 15b formed there- 
through and/or drainage trough portions 15c, as 
shown in Fig. 13, which will prevent stagnation of the 
condensed water. 
10 The headers 5 and 6 are made of an aluminum 

brazing sheet composed of a core which has either or 
both sides clad with a brazing agent layer. In manu- 
facture, the brazing sheet is rolled into a cylinder hav- 
ing abutment edges which are subsequently seam 
15 welded. Each header has a cross section of general- 
ly 'laid-down D-shape' such that a flat bottom receiv- 
ing the tubes continues to an arcuate dome, as seen 
in Fig. 2. Although this shape may be somewhat infer- 
ior to a circular cross section in respect of resistance 
20 to a high internal pressure such as operating in con- 
densers, those headers can withstand well a medium 
internal pressure operating in evaporators. 

Such a specific cross-sectional shape of the 
headers is advantageous in that ends of each tube 1 
25 need not be inserted so deep as to reach an axis of 
the header, contrary to the case of using headers of 
a circular cross section. Thus, an effective length of 
each tube 1 is made greater to thereby increase the 
effective area of the core. 
30 Alternatively, the headers 5 and 6 may have a 

cross section composed of a semi-ellipse and a sem- 
icircle, with the former receiving the tube ends as 
shown in Fig. 11. This modification will also be advan- 
tageous from the viewpoint as mentioned above. 
35 Fig. 12 shows baffles 10 each secured to a part 

of cylindrical wall of each header 5 or 6, wherein the 
part is opposite to another part in which the tubes 1 
are secured. Each baffle 10 is located between the 
adjacent tubes and comprises a base 10a and a leg 
40 10b. This leg 10b protrudes inwardly towards the 
tubes' ends so that the heat exchanging medium is 
smoothly and evenly distributed into the tubes. The 
base 10a is fixed to an outer peripheral surface of the 
header 5 or 6. 

45 In use, the heat exchanging medium will flow into 

a leeward one of the headers 6 through an inlet pipe 
7 liquid-tightly connected thereto. Tributaries of the 
medium will flow through the respective tubes 1 , each 
making a U-turn to enter the windward header 5, as 

so indicated at the arrows in Fig. 1. The tributaries 
through the tubes 1 join one another in the windward 
header and leave it through an outlet pipe 8, after 
heat exchange has been effected between the me- 
dium and air streams penetrating this heat exchanger 

55 from front to rear as shown by the white arrows. 

The inlet pipe 7 and outlet pipe 8 may be attached 
to the headers at their ends located side by side, as 
shown in Fig. 14, so that the heat exchanging medium 
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can flow into and out of the same side end of the heat 
exchanger. Further, an internal pipe 60 having small 
holes 60a corresponding to the tubes may be secured 
in and coaxially of the inlet side (viz. leeward) header 
6. Such an internal pipe connected to the inlet pipe 7 
will ensure an even distribution of the heat exchang- 
ing medium into the tubes. 

The described heat exchanger may be manufac- 
tured, for example in the following manner. 

Flat and straight aluminum tubes 1 which are pre- 
pared by extrusion will be arranged in parallel and at 
regular intervals in a direction of their thickness, in a 
manner shown in Fig. 8A. Next, the tube ends are 
caused to penetrate the reinforcing strips 13 and 14, 
which will then be put closer to each other as shown 
in Fig. 8B. Subsequently, the headers 5 and 6 are ad- 
joined to the tube ends into fluid communication 
therewith, and the corrugated fins 11 and 12 are set 
in between the adjacent tubes 1 and also between the 
outermost tube and the end section 1 6 of the reinforc- 
ing strip as shown in Fig. 8C. Any brazeable acces- 
sories may be attached to the thus prepared assem- 
bly which will then be 'one-shot 1 brazed so that all the 
parts become integral with each other. 

The brazed assembly will further be subjected to 
the bending process in which each tube 1 is bent at 
its middle portion in the direction of its thickness, so 
that its straight sections lie in parallel with each other, 
as shown in Fig. 9. It may be preferable to use a prop- 
er tool to give all the middle portions a slight pretwist 
which will allow them to readily twist in the same di- 
rection. 

Thus in manufacture of the heat exchanger, the 
tubes 1 can easily be twisted in the direction of their 
width, at any predetermined middle portions 4 and at 
a predetermined helical angle relative to their straight 
sections, whether pretwisted to any extent or not. 

It is also easy in the present invention to give a 
small radius of curvature to the bent and twisted mid- 
dle portions 4 of the tubes 1 so that each of them is 
bent to assume a U-shape. 

Although the straight sections 2 and 3 have their 
lateral edges facing one another and disposed in 
alignment with each other, the pitch of windward fins 
11 is designed larger than that of leeward ones 12 so 
that a satisfactory performance is afforded as to the 
heat exchange. 

A higher productivity is realized herein, because 
the flat heat exchanging tubes 1 are bent all at once 
after the necessary parts are assembled. 

In the described embodiment, the coolant flowing 
into the leeward header 6 is distributed to all the tubes 
forming tributaries connected thereto. Those tributar- 
ies join one another in harmony in the windward head- 
er 5 to construct the so-called 'one pass* system. 
Partitions may be secured in the headers 5 and 6, if 
necessary, to form 'plural passes' which cause the 
heat exchanging medium to meander through the 



heat exchanger. 

It is however noted that the 'one pass' system is 
more desirable in this type of evaporators as to their 
heat exchanging performance, as will be apparent 

5 from the following. 

Samples of heat exchangers were prepared, 
which each comprised a core 235 mm high and 258 
mm wide so that an effective size of the core was 1 78 
mmH x 259 mmW. The tube pitch was set at 1 1 .7 mm, 

10 with the number of tubes being 21 , each fin being 22 
mm wide and 1 0 mm high, and fin pitch being 1 . 1 mm. 
One of the sample heat exchangers was of the 'two 
pass' type, having the partitions dividing the tubes 
into a first group of 10 tubes and a second group of 

15 11 tubes. A performance test was conducted using 
HFC134a as the heat exchanging medium and under 
the operating conditions that: the temperature of said 
medium at an inlet of expansion valve was 53.5 U C; 
dry-bulb temperature of affluent air was 27 °C; wet- 

20 bulb temperature of effluent air was 19.5 °C; 
and 'SH* (super-heating) was 5 °C. Fig. 15 shows a 
relationship observed between the heat rejection 
(kcal/h) and the medium pressure at outlet (kg/cm 2 ). 
Fig. 16 shows another relationship observed be- 

25 tween the pressure loss of the medium (kg/cm 2 ) and 
the flow rate thereof (kg/h). 

As seen in Figs. 15 and 16, the evaporator of 'one 
pass' type was superior to that of 'two pass' type not 
only in the exchanged heat but also in the pressure 

30 lOSS. 

- Second Embodiment - 

Fig. 17 to 21 illustrate the second embodiment of 
35 the present invention also applied to an evaporator for 
use in car air conditioners. 

This evaporator is of a structure almost similar to 
that provided in the first embodiment, but different 
therefrom in: the cross-sectional shape of headers; 
40 the reinforcing strips dispensed with; and the config- 
uration of the tubes' bent and twisted portions. Such 
differences will be briefed below. 

A bottom of each bent and twisted portion 4 of the 
tubes 1 lies at 90°, viz. perpendicular, to the straight 
45 sections 2 and 3 thereof. The adjacent bent portions 
4 do not overlap one another, as seen in Fig. 1 7. 

The headers 5 and 6 are of a round cross section 
to raise their pressure resistance. 

The heat exchanger in the second embodiment 
so does not comprise any reinforcing strips. 

The tubes 1 are preliminarily twisted at first at 
their middle portions as shown in Fig. 19, before as- 
sembled into a state shown in Fig. 20 and subse- 
quently bent in a manner shown in Fig. 21 to provide 
55 a finished heat exchanger. It may be possible to twist 
and simultaneously bent those tubes, also in the sec- 
ond embodiment. 

Other features are the same as those employed 
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in the first embodiment, and therefore the same ref- 
erence numerals are allotted thereto to abbreviate de- 
scription. 

- Third Embodiment - 5 

A condenser provided in the third embodiment is 
for use in car air conditioners. 

This condenser differs from the evaporators pro- 
vided in the first embodiment only in that: the headers w 
5 and 6 stand upright; the straight sections 2 and 3 of 
each tube 1 are disposed horizontally; each header is 
of a round cross section; and the partitioning mem- 
bers inserted in headers. The round headers 5 and 6 
are adapted for an internal pressure higher than that 15 
operating in the evaporators. Each of the partitioning 
members 20 shown in Fig. 22 divides the interior of 
header 5 or 6 into longitudinal compartments ar- 
ranged in a head-to-tail relationship, so that a heat ex- 
changing medium meanders through this condenser. 20 

Other features are the same as those employed 
in the first embodiment, and therefore the same ref- 
erence numerals are allotted thereto to abbreviate de- 
scription. 

In summary, each flat tube has its middle portion 25 
that is Jocated intermediate its straight sections, bent 
in the direction of the tube's width and twisted at a 
predetermined angle relative to the straight sections. 

Consequently, it is possible to arrange a plurality 
of flat and straight tubes in parallel and at regular in- 30 
tervals and to connect the headers to ends of the 
tubes, before bending them at their middle portions all 
at once and simultaneously twisting them at the pre- 
determined angle. Thus, the bending-and-twisting 
operation encounters no technical difficulty and can 35 
now be done easily to facilitate manufacture of 
such 'bent tube' type heat exchangers. 

There is no fear of collapsing the bent and twisted 
portions to result in a reduced cross-sectional area 
and an increased pressure loss thereof. 40 

In a case wherein the heat exchanger comprises 
the aforementioned reinforcing strips each composed 
of the middle section and the end sections continuing 
therefrom and formed perpendicular thereto, the 
straight sections are protected from deformation dur- 45 
ing the bending-and-twisting operation. This is be- 
cause a stress imparted to the tubes which are being 
bent is restricted to their middle portions located be- 
tween the middle sections of said strips, even if each 
tube is forced to have a considerably small radius of so 
curvature. The reinforcing strips thus contribute not 
only to an easier manufacture but also to an improved 
overall strength of the heat exchanger. 

The overlapping of the adjacent bent portions will 
further improve their strength as a whole. 55 



Claims 

1. A heat exchanger comprising: 

a plurality of flat tubes arranged at regular 
intervals and in parallel with and spaced apart 
from each other a predetermined distance in the 
direction of thickness of the tubes; 

a pair of hollow headers disposed at one 
ends and other ends of the tubes, which are con- 
nected thereto in fluid communication therewith; 

each tube having an intermediate bent 
portion and straight sections separated one from 
another by the bent portion; 

the bent portion being a portion of each 
tube twisted at a predetermined helical angle rel- 
ative to each of the straight sections; and 

fins each interposed between the adjacent 
straight sections. 

2. A heat exchanger comprising: 

a plurality of flat tubes arranged at regular 
intervals and in parallel with and spaced apart 
from each other a predetermined distance in the 
direction of thickness of the tubes; 

a pair of hollow headers disposed at one 
ends and other ends of the tubes, which are con- 
nected thereto in fluid communication therewith; 

each tube having an intermediate bent 
portion and straight sections separated one from 
another by the bent portion; 

the bent portion being a portion of each 
tube twisted at a predetermined helical angle rel- 
ative to each of the straight sections; 

fins each interposed between the adjacent 
straight sections; 

additional fins disposed outside the outer- 
most tubes; and 

reinforcing strips each composed of a mid- 
dle section and end sections continuing there- 
from, 

wherein the middle section of each rein- 
forcing strip has formed therethrough apertures 
each fitting on a boundary present between the 
straight section and the twisted bent portion of 
each tube, and each end section of the reinforc- 
ing strip extending along and fixedly adjoined to 
the outer surface of the corresponding additional 
fin. 

3. A heat exchanger as defined in claim 1 or 2, 
wherein the twisted and bent portions located ad- 
jacent to each other contact and overlap one an- 
other to reinforce said portions as a whole. 

4. A heat exchanger as defined in claim 3, wherein 
the twisted and bent portions are brazed to be in- 
tegral with each other. 
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5. A heat exchanger as defined in claim 1 or 2, 
wherein the headers are disposed horizontally, 
and the straight sections of each tube stand up- 
right, so as to render the heat exchanger adapted 

to operate as an evaporator. 5 

6. A heat exchanger as defined in claim 1 or 2, 
wherein each of the headers has an interior not 
divided into compartments, so that a heat ex- 
changing medium flowing into one header ad- 10 
vances as tributaries flowing in harmony through 

all the tubes at once and into the other header, 
whereby the heat exchanger is formed as an 
evaporator of the one pass type. 

15 

7. A heat exchanger as defined in claim 1 or 2, 
wherein the headers stand upright and the 
straight sections of each tube are disposed hori- 
zontally, so as to render the heat exchanger 
adapted to operate as a condenser. 20 

8. A heat exchanger as defined in claim 1 or 2, 
wherein one of the straight sections of each tube 
is disposed windward, with the other section dis- 
posed leeward, so that a heat exchanging me- 25 
dium flowing into leeward straight section ad- 
vances into the windward section. 



the troughs formed therein. 

14. A heat exchanger as defined in claim 1 or 2, 
wherein each tube has an interior which is divided 
into windward and leeward unit paths located side 
by side and longitudinally of the tube, so that a 
heat exchanging medium flowing through the lee- 
ward unit path in one of the straight sections lo- 
cated leeward is guided by the intermediate bent 
portion into the windward unit path in the other 
straight section located windward. 

15. A heat exchanger as defined in claim 1 or 2, 
wherein the header connected to an inlet pipe of 
the heat exchanger has an internal pipe secured 
in and coaxially with the header, the internal pipe 
being connected to the inlet pipe, and wherein the 
inlet pipe and an outlet pipe are attached to the 
headers at ends thereof located side by side. 

16. A heat exchanger as defined in claim 15, wherein 
the internal pipe has small holes corresponding 
to the tubes so that the heat exchanging medium 
is distributed evenly into the tubes. 



9. A heat exchanger as defined in claim 1 or 2, 

wherein each header is of a cross-sectional 30 
shape having a flat bottom continuing to a dome, 
so that the flat bottom receives the tubes inserted 
therein. 



10. A heat exchanger as defined in claim 1 or 2, 35 
wherein each header is of a cross-sectional 
shape composed of an inner and outer semi- 
peripheries, and a radius of curvature of the inner 
semi-periphery receiving the tubes is greater 
than that of the outer semi-periphery. ao 

11. A heat exchanger as defined in claim 1 or 2, 
wherein each header is a cylinder of a brazing 
sheet composed of a core having at least one side 

clad with a brazing agent layer, and the brazing 45 
sheet has abutment edges integrally brazed one 
to another. 



12. A heat exchanger as defined in claim 1 or 2, 

wherein each tube is bent at its middle portion so so 
as to be U-shaped, and the straight sections of 
each tube stand in parallel with each other. 



13. A heat exchanger as defined in claim 2, wherein 

each middle section of the reinforcing strips has 55 
drainage means selected from a group consisting 
of drainage holes and drainage troughs, the holes 
being formed through the middle section and with 
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(ST) Heat exchanger. 

(g) A heat exchanger has flat tubes (1) paratlelly 
arranged and spaced apart from each other a 
predetermined distance in the direction of 
thickness. The heat exchanger further has a 
pair of headers (5, 6) to which the ends of the 
tubes are connected in fluid communication. 
Each tube (1) has an intermediate bent portion 
(4) and straight sections (2, 3) separated one 
from another by the bent portion, and the bent 
portion (4) is a portion twisted at a predeter- 
mined helical angle relative to each straight 
section. Fins (11) are interposed between the 
adjacent straight sections (2) t and further fins 
(12) between the other straight sections (3). The 
heat exchanger is easy to manufacture and of 
an improved efficiency of heat exchange, in 
spite of the tubes being bent in the direction of 
their width. 
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